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(57) There are provided tapered roller bearings
which support a pinion shaft. Inner races have large rib
faces each having a recessed surface shape on which
large-diameter end faces of tapered rollers slide. The sur-
face roughness of the large-diameter end face is o1
[wmRa] is 0.025 or more. In addition, assuming the sur-
face roughness of the large rib face is 62 [umRa], (612
+ 622)12 is 0.17 [wmRa] or less. The sliding portion of

FIG. 1

the large-diameter end face and the sliding portion of the
large rib face are made of a carburized steel, and the
carbon contentin a matrix phase in a surface layer portion
of each of the sliding portions to a depth of 50p.m from a
surface is 0.8wt% or more, the surface hardness thereof
is in the range of Rockwell C63 to 67, and a surface re-
tained austenite amount is set to be between 20% and
25%.
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Description

BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a vehicle pinion
shaft support system (pinion shaft supporting device for
vehicle or automobile) and more particularly to, for ex-
ample, a vehicle pinion shaft support system such as
used at a differential (differential gear, differential deice
etc.) and a transaxle (differential transaxle, transaxle de-
vice, transaxle apparatus etc.).

[0002] As a conventional vehicle pinion shaft support
system, there exists a vehicle pinion shaft support system
such as described in JP-A-8-247260 (Patent Document
No. 1).

[0003] The vehicle pinion shaft support system in-
cludes a pinion shaft, two tapered roller bearings which
are provided on the pinion shaft in such a manner as to
be spaced apart from each other at a predetermined in-
terval and a pinion ring which meshes with the pinion
shaft.

[0004] Each of the two tapered roller bearings has an
inner race, an outer race and tapered rollers disposed
between the inner race and the outer race. The inner
race has a large rib face (back face rib) on which large-
diameter end faces of the tapered rollers slide. A prede-
termined initial pre-load is applied to each of the two ta-
pered roller bearings in radial and axial directions of the
vehicle pinion shaft support system so that the support
rigidity of the pinion shaft becomes a predetermined val-
ue or more.

[0005] Inthe conventional vehicle pinion shaft support
system, however, in the event that the initial pre-load
value is set high with a view to increasing the support
rigidity of the pinion shaft, a torque needed to drive the
two tapered roller bearings is increased, leading to a
problem that the running costs of the vehicle pinion shaft
support system are, in turn, increased.

[0006] On the other hand, in the event that the initial
pre-load is set to a proper value or a value that is lower
than the proper value, the value of the pre-load is de-
creased by a wear generated mainly between the large-
diameter end faces of the tapered rollers and the large
rib face of the inner race, whereby the support rigidity of
the pinion shaft by the tapered rollers becomes lower
than a predetermined value, leading to a problem that
vibration and looseness are generated between the pin-
ion shaft and the tapered rollers.

Patent Document No. 1: JP-A-8-297260

SUMMARY OF THE INVENTION

[0007] Then, a problem that the invention is to solve
is to provide a vehicle pinion shaft support system which
needs only a small torque to drive the tapered roller bear-
ings and generates neither vibration nor looseness be-
tween the pinion shaft and the tapered rollers.

[0008] With a view to solving the problem, according
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to a first aspect of the invention, there is provided a ve-
hicle pinion shaft support system comprising:

a pinion shaft; and

a tapered roller bearing which supports the pinion
shaft and has an inner race, an outer race and ta-
pered rollers, wherein

the inner race has a large rib face having a recessed
surface shape (concave portion) on which large-di-
ameter end faces of the tapered rollers slide, and
when assuming that the surface roughness of the
large-diameter end faces is o1[pmRa] and the sur-
face roughness of the large rib face is 62[nmRa], 61
is 0. 025 or more and (612 + 622)12is 0.17 [umRa]
or less, wherein

a sliding portion of the large-diameter end face of
the tapered roller which slides on the large rib face
and a sliding portion of the large rib face of the inner
race on which the large diameter end face of the
tapered roller slides are made of carburized steel,
wherein

a carbon content in a matrix phase in a surface layer
portion of each of the sliding portions to a depth of
50pnm from a surface thereof is 0.8wt% or more,
wherein

the surface hardness thereof is in the range of Rock-
well C63 to 67, and wherein

a surface retained austenite amount is 20% or more
and 25% or less.

According to the first aspect of the invention, since
the inner race has the large rib face having the re-
cessed surface shape on which the large-diameter
end faces of the tapered rollers slide and when as-
suming that the surface roughness of the large-di-
ameter end faces is 61 [wumRa] and the surface
roughness of the large rib face is 62 [umRa], 61 is
0. 025 or more and (612 + 622)12is 0.17 [wumRa] or
less, the formation of an oil film between the large-
diameter end faces and the large collar portion is
facilitated. Consequently, the value of the torque
needed to drive the tapered roller bearings can be
reduced largely, thereby making it possible to reduce
remarkably the running costs of the vehicle pinion
shaft support system.

Preferably, the following conditions is preferably sat-
isfied:

c12>0.04pm;

61 <0.10pm; and

(612 + ©2?)Y? < 0.12um.

[0009]
isfied:
c1>0.06pm;

61 <0.08um; and

More preferably, the following conditions is sat-
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(61?2 + o2%)Y% < 0.10pm.

[0010] In addition, according to the aspect of the in-
vention, since the sliding portion of the large-diameter
end face of the tapered roller which slides on the large
rib face and the sliding portion of the large rib face of the
inner race on which the large diameter end face of the
tapered roller slides are made of carburized steel, the
carbon content in the matrix phase in the surface layer
portion of each of the sliding portions to the depth of 50p.m
from the surface thereof is 0.8wt% or more, the surface
hardness thereof is in the range of Rockwell C 63 to 67,
and the surface retained austenite amount is 20% or
more and 25% or less, the wear of the sliding portion of
the large-diameter end face and the sliding portion of the
large rib face can be reduced remarkably.

Preferably, the carbon content is 1.0wt% or more, the
surface hardness thereof is in the range of Rockwell C
64 to 66, and the surface retained austenite amount is
21% or more and 24& or less.

[0011] Consequently, in the invention, an oil film can
be formed between the two sliding portions, and at the
same time, the wear of the two sliding portions can be
reduced remarkably, whereby an amount of wear gen-
erated between the two sliding portions can be reduced
remarkably compared to the conventional system. In ad-
dition, the reduction amount of the assembled width of
the vehicle pinion shaft support system can be reduced
largely down to on the order of 50% of that of the con-
ventional system compared thereto.

[0012] Consequently, according to the first aspect of
the invention, being different from the conventional sys-
tem, since the pre-load to be applied to the tapered roller
bearings at the initial setting of the vehicle pinion shaft
support system can be set to a pre-load which realizes
an appropriate support rigidity from the beginning, the
torque in particular at the initial stage of an operation can
be reduced, thereby making it possible to reduce the run-
ning costs of the vehicle pinion shaft support system. In
addition, the support rigidity of the pinion shaft by the
tapered roller bearings can also be maintained at a de-
sirable value over long period of time, whereby the gen-
eration of vibration and looseness between the tapered
roller bearings and the pinion shaft can be prevented,
thereby making it possible to extend the life of the vehicle
pinion shaft support system largely.

[0013] According to a second aspect of the invention,
there is provided a vehicle pinion shaft support system
comprising:

a pinion shaft; and

a tapered roller bearing which supports the pinion
shaft and has an inner race, an outer race and ta-
pered rollers, wherein

the inner race has a large rib face having a recessed
surface shape on which large-diameter end faces of
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the tapered rollers slide, and when assuming that
the surface roughness of the large-diameter end fac-
es is o1[wmRa] and the surface roughness of the
large rib face is 62 [nmRal, 61 is 0. 025 or more and
(012 + 622)172 i 0.17[wmRa] or less, wherein

a sliding portion of the large-diameter end face of
the tapered roller which slides on the large rib face
and a sliding portion of the large rib face of the inner
race on which the large diameter end face of the
tapered roller slides are made by applying a heat
treatmentincluding a carburizing treatment to a steel
material including 0.15 to 0.3wt% carbon, wherein
in a portion of each of the sliding portions to a depth
of 50pum from a topmost surface thereof as a base,
the carbon content is in the range of 1.0 to 1.5wt%,
the Rockwell hardness in scale C is in the range of
64 to 66, the compression retained stress is in the
range of 150 to 2000Mpa, the maximum carbide di-
ameter is 3pm or less and the carbide area ratio is
in the range of 10 to 25%, and wherein

in a portion of each of the sliding portions to a depth
of 50 to a/5um when assuming that an effective hard-
ened layer deptis a[um], the carbon content is in the
range of 0.75 to 1.3wt%, the compression retained
stressisinthe range of 150 to 1000MPa, the retained
austenite amount is in the range of 25 to 45%, the
maximum carbide diameter is 1um or less and the
carbide area ratio is 15% or less.

[0014] The effective hardened layer depth is an effec-
tive hardened layer depth regulated under JIS G 0559.
Preferably, the following conditions is preferably satis-
fied:

c12>0.04 pm;

61<0,10 pm;

(c1? + o2%)¥% < 0.12um;

in a portion of each of the sliding portions to the depth of
50nm from a topmost surface thereof as a base, the car-
bon content is in the range of 1.15 to 1.4wt%, the Rock-
well hardness in scale C is in the range of 64.5 to 65.5,
the compression retained stress is in the range of 800 to
1200Mpa, the maximum carbide diameter is 2.m or less
and the carbide arearatiois in the range of 15t0 20%; and
in a portion of each of the sliding portions to a depth of
50 to a/5um when assuming that an effective hardened
layer dept is a[um], the carbon content is in the range of
0.90 to 1.2wt%, the compression retained stress is in the
range of 400 to 700MPa, the retained austenite amount
is in the range of 30 to 40%, the maximum carbide diam-
eter is 0.7um or less and the carbide area ratio is 10%
or less.
[0015]
isfied:

c12>0.06pm;

More preferably, the following conditions is sat-
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61 <0.08um; and

(61% + ©2%)Y? < 0.10pm.

[0016] According tothe second aspectof the invention,
similarly to the first aspect of the invention, an oil film can
be formed between the aforesaid two sliding portions,
and at the same time, the wear of the those two sliding
portions can be reduced remarkably, whereby the a re-
duction amount of an assembled width of the vehicle pin-
ion shaft support system can be reduced down to on the
order of 50% of that of the conventional system compared
thereto.

[0017] Consequently, according to the second aspect
of the invention, being different from the conventional
system, since the pre-load to be applied to the tapered
roller bearings at the initial setting of the vehicle pinion
shaft support system can be set to a pre-load which re-
alizes an appropriate support rigidity from the beginning,
the torque in particular at the initial stage of an operation
can be reduced, thereby making it possible to reduce the
running costs of the vehicle pinion shaft support system.
In addition, the support rigidity of the pinion shaft by the
tapered roller bearings can also be maintained at a de-
sirable value over long period of time, whereby the gen-
eration of vibration and looseness between the tapered
roller bearings and the pinion shaft can be prevented,
thereby making it possible to extend the life of the vehicle
pinion shaft support system largely.

[0018] According to a third aspect of the invention,
there is provided a vehicle pinion shaft support system
comprising:

a pinion shaft; and

a tapered roller bearing which supports the pinion
shaft and has an inner race, an outer race and ta-
pered rollers, wherein

the inner race has a large rib face having a recessed
surface shape on which large-diameter end faces of
the tapered rollers slide, and when assuming that
the surface roughness of the large-diameter end fac-
es is 61 [umRa] and the surface roughness of the
large rib face is 62[umRa], o1 is 0.025 or more and
(012 + 622)1/2is 0.17[umRa] or less, wherein

a sliding portion of the large-diameter end face of
the tapered roller which slides on the large rib face
and a sliding portion of the large rib face of the inner
race on which the large diameter end face of the
tapered roller slides are formed by forming a carbon-
itride or nitride in a surface portion by carbonitriding
or nitriding a high carbon steel material, quenching
a substrate of the surface portion from an inside
thereof as high carbon or high nitrogen, and there-
after annealing the same at a temperature in the
range of 200 to 250°C.
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[0019] Preferably, the following conditions is prefera-
bly satisfied:

612>0.04 pm;

c1<0,10um;

(o012 + o24)1? < 0.12pum;

and

annealing the quenched material at a temperature in the
range of 220 to 240°C.

[0020] According to the third aspect of the invention,
similarly to the first aspect of the invention, an oil film can
be formed between the aforesaid two sliding portions,
and at the same time, the wear of the those two sliding
portions can be reduced remarkably, whereby the a re-
duction amount of an assembled width of the vehicle pin-
ion shaft support system can be reduced down to on the
order of 50% of that of the conventional system compared
thereto.

[0021] Consequently, according to the third aspect of
the invention, being different from the conventional sys-
tem, since the pre-load to be applied to the tapered roller
bearings at the initial setting of the vehicle pinion shaft
support system can be set to a pre-load which realizes
an appropriate support rigidity from the beginning, the
torque in particular at the initial stage of an operation can
be reduced, thereby making it possible to reduce the run-
ning costs of the vehicle pinion shaft support system. In
addition, the support rigidity of the pinion shaft by the
tapered roller bearings can also be maintained at a de-
sirable value over long period of time, whereby the gen-
eration of vibration and looseness between the tapered
roller bearings and the pinion shaft can be prevented,
thereby making it possible to extend the life of the vehicle
pinion shaft support system largely.

[0022] According to a fourth aspect of the invention,
there is provided a vehicle pinion shaft support system
comprising:

a pinion shaft; and

a tapered roller bearing which supports the pinion
shaft and has an inner race, an outer race and ta-
pered rollers, wherein

the inner race has a large rib face having a recessed
surface shape on which large-diameter end faces of
the tapered rollers slide, and when assuming that
the surface roughness of the large-diameter end fac-
es is 61 [pmRa] and the surface roughness of the
large rib face is 62[pumRa], 61 is 0.025 or more and
(612 + 622)12 js 0.17[wmaRa] or less, wherein

a sliding portion of the large-diameter end face of
the tapered roller which slides on the large rib face
and a sliding portion of the large rib face of the inner
race on which the large diameter end face of the
tapered roller slides are formed by forming a carbon-
itride or nitride in a surface portion by carbonitriding
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or nitriding a high carbon steel material, quenching
a substrate of the surface portion from an inside
thereof as high carbon or high nitrogen, applying a
sub-zero treatment to the substrate so quenched,
and thereafter annealing the same at a temperature
in the range of 150 to 200°C.

[0023] Note thatthe sub-zero treatment means a treat-
ment in which retained austenite is forcibly transformed
into martensite.

Preferably, the following conditions is preferably satis-
fied:

c12>0.04pm;

61 <0.10pm;

(c1? + o2%)Y% < 0.12um;

and

annealing the quenched material at a temperature in the
range of 165 to 190°C.

[0024] According to the fourth aspect of the invention,
similarly to the first aspect of the invention, an oil film can
be formed between the aforesaid two sliding portions,
and at the same time, the wear of the those two sliding
portions can be reduced remarkably, whereby the a re-
duction amount of an assembled width of the vehicle pin-
ion shaft support system can be reduced down to on the
order of 50% of that of the conventional system compared
thereto.

[0025] Consequently, according to the fourth aspect
of the invention, being different from the conventional
system, since the pre-load to be applied to the tapered
roller bearings at the initial setting of the vehicle pinion
shaft support system can be set to a pre-load which re-
alizes an appropriate support rigidity from the beginning,
the torque in particular at the initial stage of an operation
can be reduced, thereby making it possible to reduce the
running costs of the vehicle pinion shaft support system.
In addition, the support rigidity of the pinion shaft by the
tapered roller bearings can also be maintained at a de-
sirable value over long period of time, whereby the gen-
eration of vibration and looseness between the tapered
roller bearings and the pinion shaft can be prevented,
thereby making it possible to extend the life of the vehicle
pinion shaft support system largely.

[0026] According the vehicle pinion shaft support sys-
tem, the oil film can be formed at the sliding portion of
the large-diameter end face of the tapered roller which
slides onthe large rib face of the inner race and the sliding
portion of the large rib face of the inner race on which
the large-diameter end face of the tapered roller slides,
and at the same time, the wear of the those two sliding
portions can be reduced remarkably, whereby the a re-
duction amount of an assembled width of the vehicle pin-
ion shaft support system can be reduced down to on the
order of 50% of that of the conventional system compared
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thereto.

[0027] Consequently, since the pre-load to be applied
to the tapered roller bearings at the initial setting of the
vehicle pinion shaft support system can be set to a lower
value than one set in the conventional system, which is
a pre-load which realizes an appropriate support rigidity
from the beginning, the torque in particular at the initial
stage of an operation can be reduced, thereby making it
possible to reduce the running costs of the vehicle pinion
shaft support system. In addition, the support rigidity of
the pinion shaft by the tapered roller bearings can also
be maintained at a desirable value over long period of
time, whereby the generation of looseness between the
tapered roller bearings and the pinion shaft can be pre-
vented, thereby making it possible to extend the life of
the vehicle pinion shaft support system remarkably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is a sectional view of a differential gearbox to
which an embodiment of a vehicle pinion shaft sup-
port system of the invention is applied.

Fig. 2 is an axial sectional view of a primary tapered
roller bearing possessed by the differential gearbox
according to the invention.

Fig. 3 is a chart which shows results of wear evalu-
ation tests carried out on tapered roller bearings.

[0029]

1: pinion shaft;

2: pinion gear;

3: differentia mechanism;

5, 6: tapered roller bearings;
8: casing;

11: ring gear;

24, 25: outer race;

26: main body portion;

28; 29: inner race;

30, 31: tapered roller;

47: large rib face of inner race;
49: large-diameter end face of tapered roller

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0030] Hereinafter, the invention will be described in
detail based on an embodiment thereof.

[0031] Fig. 1isasectional view of a differential gearbox
which is an example to which a vehicle pinion shaft sup-
port system of the invention is applied.

[0032] This differential gearbox includes a pinion shaft
1, a differential mechanism 3, a primary tapered roller
bearing 5, which is disposed on an outer circumference
of the pinion shaft 1 at an end thereof which lies to a side
of the differential mechanism 3, a secondary tapered roll-
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er bearing 6, which is disposed on the outer circumfer-
ence of the pinion shaft 1 at an opposite end to the end
thereof which lies to the side of the differential mechanism
3, and a casing 8 which accommodates therein the pinion
shaft 1, the differential mechanism 3, the primary tapered
roller bearing 5 and the secondary tapered roller bearing
6.

[0033] A pinion gear 2 is formed at an end portion of
the pinion shaft 1 which lies to the side of the differential
mechanism 3, and the pinion gear 2 on the pinion shaft
1 meshes with a ring gear of the differential mechanism
3. On the other hand, a flange joint 12 is disposed at the
other end portion of the pinion shaft 1, so that a drive
shaft, not shown, can be connected thereto.

[0034] The casing 8 includes a main body portion 26
which defines an interior area of the differential gearbox
and a substantially cylindrical annular portion 27 which
continues to an inner circumferential surface of the main
body portion 26 and constitutes an inside portion which
is disposed in an interior space of the main body portion
26.

[0035] The primary tapered roller bearing 5 includes
an inner race 28, an outer race 24 and a plurality of ta-
pered rollers 30, and the secondary tapered roller bearing
6 includes an inner race 29, an outer race 25 and a plu-
rality of tapered rollers 31. An inner circumferential sur-
face of the inner race 28 of the primary tapered roller
bearing 5 and an inner circumferential surface of the inner
race 29 of the secondary tapered roller bearing 6 are
fixed to an outer circumferential surface of the pinion shaft
1, whereas an outer circumferential surface of the outer
race 24 of the primary tapered roller bearing 5 and an
outer circumferential surface of the outer race 25 of the
secondary tapered roller bearing 6 are fixed to an inner
circumferential surface of the main body portion 26 of the
casing 8 and an inner circumferential surface of the an-
nular portion 27. The primary and secondary tapered roll-
er bearings 5, 6 support the pinion shaft 1 rotatably at a
predetermined position.

[0036] Note that in Fig. 1, reference numeral 20 de-
notes a seal member. This seal member 20 prevents the
leakage of oil within the differential gearbox to the out-
side.

[0037] The differential gearbox according to the em-
bodiment is designed to transmit power of the drive shaft
to the differential mechanism 3 via the pinion shaft 3 so
as to drive the differential mechanism 3. Then, a differ-
ence in rotational speed between two axle shafts (not
shown) which are connected, respectively, to joints 21
and 22 which are disposed to a side of the differential
mechanism 3.

[0038] Fig. 2 is an axial sectional view of the primary
tapered roller bearing 5.

[0039] Hereinafter, details of the primary tapered roller
bearing 5 will be described using Fig. 2. Note that while
a detailed description of the secondary tapered roller
bearing 6 will not be made, it is understood that the sec-
ondary tapered roller bearing 6 has the same features
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as those possessed by the primary tapered roller bearing
5.

[0040] Asisdescribed above, the primary tapered roll-
er bearing 5 includes the outer race 24, the inner race
28 and the tapered rollers 30. The outer race 24 has a
tapered or inclined raceway surface 42 in section on an
inner circumferential side thereof.

[0041] Theinnerrace 28 has ataperedorinclinedrace-
way 44 in section on an outer circumference thereof. The
inner race 28 has a large rib face 47 on which a large-
diameter end face 49 of the tapered roller 30 slides at an
end portion of the inclined raceway surface 44 which lies
on a larger-diameter side.

[0042] Inaddition, the plurality of tapered rollers 30 are
disposed in a circumferential direction at constant inter-
vals in such a state that they are retained between the
inclined raceway surface 42 of the outer race 24 and the
inclined raceway surface 44 of the inner race 28 by a
retainer 40.

[0043] When assuming the arithmetic mean surface
roughness Ra of the large-diameter end face 49 of the
tapered roller 30 is 61 [wm] and the arithmetic mean sur-
face roughness Ra of the large rib face 47 is 62[um], 1
is set to be 0.025 or more and (612 + 622)1/2 is set to be
0.17[wmRa] or less. This large rib face 47 is formed so
as to have a recessed surface shape.

[0044] In addition, surfaces of the outer race 24, the
inner race 28 and the tapered rollers 30 are made of a
carburized steel and are set such that a carbon content
in a matrix phase in a surface layer portion to a depth of
50um from the surface is 0.8wt% or more, the surface
hardness thereof is in the range of Rockwell C63 to 67,
and a surface retained austenite amount is 20% or more
and 25% or less.

[0045] Fig. 3 is a chart which shows the results of wear
evaluation tests carried out on tapered roller bearings.
[0046] InFig. 3, the axis of ordinate denotes the elapse
of time, and the axis of abscissa denotes variation in as-
sembled width. In the axis of ordinate, a point 0 denotes
a state in which a predetermined assembled width is
maintained.

[0047] In addition, in Fig. 3, reference numeral 61 de-
notes a result of a test run on a standard tapered roller
bearing which is used in a vehicle pinion shaft support
system. To be specific, the standard tapered roller bear-
ing means a tapered roller bearing in which an inner race
has a large rib face having a raised surface shape on
which large-diameter end faces of tapered rollers slide
and the material of the inner race, an outer race and the
tapered rollers is a high carbon chrome bearing steel
(SUJ2).

[0048] Additionally, reference numeral 62 denotes a
result of a test carried out on a comparison tapered roller
bearing which is used in a vehicle pinion gear support
system. To be specific, the comparison tapered roller
bearing means a tapered roller bearing in which an inner
race has alargeribface having arecessed surface shape
onwhich large-diameter end faces of tapered rollers slide
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and when assuming the arithmetic mean surface rough-
ness Ra of the large-diameter end face of the tapered
roller is 61[pwm] and the arithmetic mean surface rough-
ness Ra of the large rib face is c2[um], o1 is set to be
0.025 or more and (612 + 622)1/2 is set to be 0.17 [umRa]
or less. In addition, in the tapered roller bearing, the ma-
terial of the inner race, an outer race and the tapered
rollers is a high carbon chrome bearing steel (SUJ2).
[0049] Additionally, reference numeral 63 denotes a
result of a test carried out on the tapered roller bearing
provided in the vehicle pinion shaft support system of the
invention. To be specific, the tapered roller bearing pro-
vided in the vehicle pinion shaft support system of the
invention is the tapered roller bearing that has already
been described above using Fig. 2.

[0050] Inaddition, the following test condition is adopt-
ed as a test condition common to the above three tapered
roller bearings. Namely, a tapered roller bearing is used
in which the axial dimension is 35mm, the outside diam-
eter of an outer circumferential surface of an outer race
is 80mm, and the inside diameter of an inner circumfer-
ential surface of an inner race is 32, 75mm. In addition,
a radial load of 700kgf, a radial load of 900kgf and a pre-
load of 600kgf are applied to the bearing. Additionally,
the revolving speed of the tapered roller bearing is set to
4000rpm, and a gear oil rated to SAE 90 under American
Automobiles Standards is used. Furthermore, a condition
of 0.05gr/l is adopted as contamination.

[0051] As shown in Fig. 3, in all three cases, the re-
duction amount of the assembled width increases with
passage of time. Then, a rate at which the reduction
amount of the assembled width increases, that is, a var-
iation corresponding to the inclination of a curve decreas-
es with passage of time.

[0052] In the standard tapered roller bearing whose
test result is indicated by 61, the reduction amount of the
assembled width reached to 35um 20 hours after the test
has been started. From this, a pre-load that is set when
the standard tapered roller bearing is incorporated in a
vehicle pinion shaft support system needs to be set high-
er in consideration of the reduction amount of the assem-
bled width, whereby at an initial state of an operation, in
particular, an increase in torque is called for, resulting in
an increase in the running costs of the vehicle pinion
shaft support system.

[0053] In addition, in the comparison tapered roller
bearing, the reduction amount of the assembled width
resulting 20 hours after the initiation of the test can be
suppressed substantially to 27.5 compared to the stand-
ard tapered roller bearing. Namely, it is seen that the
reduction amount of the assembled width resulting 20
hours after the initiation of the test can be suppressed to
on the order of 0.8 or four fifth of the reduction amount
of the assembled width of the standard tapered roller
bearing. Namely, the loss of pre-load is smaller than the
standard tapered roller bearing, and hence, the initial pre-
load can be set small, whereby the torque can be re-
duced. In addition, since the loss of pre-load is small, it
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is seen that the support rigidity of the pinion shaft is high.
[0054] On the other hand, in the tapered roller bearing
provided in the differential gearbox of the invention and
whose test resultis indicated by 63, the reduction amount
of the assembled width resulting 20 hours after the initi-
ation of the test is reduced remarkably down to about
16.5. Then, compared to the standard tapered roller bear-
ing, the amount of the assembled width resulting 20 hours
after the initiation of the test can be reduced largely by
50% or more. It is seen from this that the tapered roller
bearing provided in the differential gearbox of the inven-
tion has a superior anti-pre-load-loss performance, as
well as a superior capability of maintaining the support
rigidity of the pinion shaft at a predetermined value.
[0055] From this, in the event that the tapered roller
bearing shown in Fig. 2 is set in a vehicle pinion shaft
support system, a pre-load that is to be imparted to the
tapered roller bearing can be set lower from the begin-
ning. In addition, the torque can be suppressed low from
when the vehicle pinion shaft support system is initially
used, and the prevention of reduction in the support ri-
gidity of the pinion shaft can be ensured.

[0056] According to the differential gearbox of the em-
bodiment, since the inner races 28, 29 of the primary
tapered roller bearing 5 and the secondary tapered roller
bearing 6 have the large rib faces 47 each having the
recessed surface shape on which the large-diameter end
faces 49 of the tapered rollers 30, 31 slide and when the
surface roughness of the large-diameter end face 49 is
o1 [wmRa] and the surface roughness of the large rib
face 47 is 62[pmRal, 61 is 0.025 or more and (c12 +
622)12i5 0.17 [wmRa] or less, the formation of an oil film
between the large-diameter end face 49 and the large
ribface 47 isfacilitated. Consequently, the value of torque
needed to drive the primary and secondary tapered roller
bearings 5, 6 can be reduced largely, thereby making it
possible to reduce remarkably the running costs of the
vehicle pinion shaft support system.

[0057] Inaddition, according to the differential gearbox
of the embodiment, the sliding portions of the large-di-
ameter end faces of the tapered rollers 30, 31 of the pri-
mary and secondary tapered roller bearings 5, 6 which
slide on the large rib faces 47 of the inner races 28, 29
and the sliding portions of the large rib faces 47 of the
inner races 28, 29 on which the large diameter end faces
of the tapered rollers 30, 31 slide are made of carburized
steel, the carbon content in the matrix phase in the sur-
face layer portion of each of the sliding portions to the
depth of 50.um from the surface is 0.8wt% or more, the
surface hardness thereof is in the range of Rockwell C63
to 67, and the surface retained austenite amount is 20%
or more and 25% or less, the wear of the sliding portions
of the large-diameter end faces 49 of the tapered rollers
30, 31 and the sliding portions of the large rib faces 47
of the inner races 28, 29 can be reduced remarkably.
[0058] Consequently, the differential gearbox accord-
ing to the embodiment is such that in each of the primary
and secondary tapered roller bearings 5, 6, the oil film
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can be formed between the two sliding portions and at
the same time, the wear of the two sliding portions can
be reduced remarkably, whereby the amount of wear
generated between the two sliding portions can be re-
duced remarkably compared to the conventional system.
In addition, the reduction amount of the assembled width
of the vehicle pinion gear support system can be reduced
largely by 50% or more compared to the conventional
system due to the synergetic effect of the aforesaid two
effects.

[0059] Consequently, according to the differential
gearbox of the embodiment, in the initial setting of the
differential gearbox, since the pre-load that is applied to
the primary and secondary tapered roller bearings 5, 6
can be set lower than in the conventional system and
hence, the pre-load can be set to one which realizes an
appropriate pinion shaft 1 support rigidity from the begin-
ning, the torque of the primary and secondary tapered
roller bearings 5, 6 can be reduced, thereby making it
possible to reduce the running costs of the vehicle pinion
gear support system. In addition, the support rigidity of
the pinion gear 1 by the primary and secondary tapered
roller bearings 5, 6 can be maintained at the desired value
over a long period of time, and the generation of vibration
and looseness between the primary and secondary ta-
pered roller bearings 5, 6 and the pinion shaft 1 can be
prevented.

[0060] In the differential gearbox of the embodiment,
as the material of the sliding portions of the large-diam-
eter end faces of the tapered rollers 30, 31 of the primary
and secondary tapered roller bearings 5, 6 which slide
on the large rib faces 47 of the inner races 28, 29 and
the sliding portions of the large rib faces 47 of the inner
races 28, 29 on which the large diameter end faces of
the tapered rollers 30, 31 slide, the material made of the
carburized steel is adopted in which the carbon content
in the matrix phase in the surface layer portion of each
of the sliding portions to the depth of 50um from the sur-
face is 0.8wt% or more, the surface hardness thereof is
in the range of Rockwell C63 to 67, and the surface re-
tained austenite amount is 20% or more and 25% or less.
[0061] However,theinventor has verified that substan-
tially the same function and advantage as those provided
by the embodiment can be acquired even in the event
that materials having characteristics described under (1)
to (3) below (all the characteristic are to be satisfied) are
used in place of the aforesaid material as the material of
the sliding portions of the large rib faces of the innerraces
of the primary and secondary tapered roller bearings on
which the large-diameter end faces of the tapered rollers
thereof slide and the sliding portions of the large-diameter
end faces of the tapered rollers which slides on the large
rib faces of the inner races thereof.

[0062] (1) Amaterial thatis formed by a heat treatment
including a carburizing treatment to a steel material in-
cluding 0.15 to 0.3 wt% carbon. (2) A material in which
at a portion 0 to 50p.m deep from the topmost surface as
a base, the carbon content is in the range of 1.0 to
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1.5wt%, Rockwell hardness in scale C is in the range of
64 to 66, the compression retained stress is in the range
of 150 to 2000MPa, the maximum carbide diameter is
3wm or less, and the carbide area ratio is in the range of
10t0 25%. (3) when assuming that the effective hardened
layer depth is a [p.m], at a portion 50 to a/5u.m deep, the
carbon content is in the range of 0.75 to 1.3wt%, the
compression retained stress is in the range of 150 to
1000MPa, the amount of retained austenite is in the
range of 25 to 45%, the maximum carbide diameter is
1um or less, and the carbide area ratio is in the range of
15% or less.

[0063] In addition, the inventor has also verified that
substantially the same function and advantage as those
provided by the embodiment can be acquired even in the
eventthat a material having characteristics described un-
der (4) is used in place of the aforesaid material as the
material of the sliding portions of the large rib faces of
the inner races of the primary and secondary tapered
roller bearings on which the large-diameter end faces of
the tapered rollers thereof slide and the sliding portions
of the large-diameter end faces of the tapered rollers
which slides onthelargerib faces of the innerraces there-
of.

[0064] (4) A material that is formed by forming a car-
bonitride or nitride in a surface portion by carbonitriding
or nitriding a high carbon steel material, quenching a sub-
strate of the surface portion from an inside thereof as
high carbon or high nitrogen, and thereafter annealing
the same at a temperature in the range of 200 to 250°C.
[0065] Additionally, the inventor has also verified that
substantially the same function and advantage as those
provided by the embodiment can be acquired even in the
eventthat a material having characteristics described un-
der (5) is used in place of the aforesaid material as the
material of the sliding portions of the large rib faces of
the inner races of the primary and secondary tapered
roller bearings on which the large-diameter end faces of
the tapered rollers thereof slide and the sliding portions
of the large-diameter end faces of the tapered rollers
which slides onthe large rib faces of the innerraces there-
of.

[0066] (5) A material that is formed by forming a car-
bonitride or nitride in a surface portion by carbonitriding
or nitriding a high carbon steel material, quenching a sub-
strate of the surface portion from an inside thereof as
high carbon or high nitrogen, applying a sub-zero treat-
ment to the substrate so quenched, and thereafter an-
nealing the same at a temperature in the range of 150 to
200°C.

[0067] Note that in the embodiment, the primary ta-
pered roller bearing 5 and the secondary tapered roller
bearing 6 are installed in the differential gearbox which
are characterized in that the inner races 28, 29 have the
large rib faces 47 each having the recessed surface
shape on which the large-diameter end faces 49 of the
tapered rollers 30, 31 slide and when the surface rough-
ness of the large-diameter end face 49 is 61 [wumRa] and
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the surface roughness of the large rib face 47 is 62
[wmRa], o1 is 0.025 or more and (612 + 622)12 is 0.17
[wmRa] orless. However, the primary tapered roller bear-
ing and the secondary tapered roller bearing may of
course be installed in a transaxle which are character-
ized, according to the invention, in that the inner races
have the largerib faces each having the recessed surface
shape on which the large-diameter end faces of the ta-
pered rollers slide and when the surface roughness of
the large-diameter end face is 61 [nmRa] and the surface
roughness of the large rib face is 62 [umRa], 61 is 0.025
or more and (612 + 622)12 js 0.17 [umRa] or less. In
addition, in this case, itis needless to say that the transax-
le has the same function and advantage as those pos-
sessed by the differential gearbox.

Claims
1. A vehicle pinion shaft support system comprising:

a pinion shaft; and

a tapered roller bearing which supports the pin-
ion shaft and has an inner race, an outer race
and tapered rollers, wherein

the inner race has a large rib face having a re-
cessed surface shape on which large-diameter
end faces of the tapered rollers slide, and when
assuming that the surface roughness of the
large-diameter end faces is 61[umRa] and the
surface roughness of the large rib face is 62
[wmRal], 61 is 0. 025 or more and (612 + 522)1/2
is 0.17[nmRa] or less, wherein

a sliding portion of the large-diameter end face
of the tapered roller which slides on the large rib
face and a sliding portion of the large rib face of
the inner race on which the large diameter end
face of the tapered roller slides are made of car-
burized steel, wherein

a carbon content in a matrix phase in a surface
layer portion of each of the sliding portions to a
depth of 50um from a surface thereof is 0.8wt%
or more, wherein

the surface hardness thereof is in the range of
Rockwell C63 to 67, and wherein

a surface retained austenite amount is 20% or
more and 25% or less.

2. A vehicle pinion shaft support system comprising:

a pinion shaft; and

a tapered roller bearing which supports the pin-
ion shaft and has an inner race, an outer race
and tapered rollers, wherein

the inner race has a large rib face having a re-
cessed surface shape on which large-diameter
end faces of the tapered rollers slide, and when
assuming that the surface roughness of the
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large-diameter end faces is 61 [wumRa] and the
surface roughness of the large rib face is 62
[wmRa], 61 is 0.025 or more and (c-12 + 622)1/2
is 0.17[wmRa] or less, wherein

a sliding portion of the large-diameter end face
of the tapered roller which slides on the large rib
face and a sliding portion of the large rib face of
the inner race on which the large diameter end
face of the tapered roller slides are made by ap-
plying a heat treatment including a carburizing
treatment to a steel material including 0.15 to
0.3wt% carbon, wherein

in a portion of each of the sliding portions to a
depth of 50 pm from a topmost surface thereof
as a base, the carbon content is in the range of
1.0 to 1.5wt%, the Rockwell hardness in scale
C is in the range of 64 to 66, the compression
retained stress is in the range of 150 to
2000MPa, the maximum carbide diameter is
3um or less and the carbide area ratio is in the
range of 10 to 25%, and wherein

in a portion of each of the sliding portions to a
depth of 50 to a/5pum when assuming that an
effective hardened layer dept is a[p.m], the car-
bon content is in the range of 0.75 to 1.3wt%,
the compression retained stress is in the range
of 150 to 1000MPa, the retained austenite
amount is in the range of 25 to 45%, the maxi-
mum carbide diameter is 1 um or less and the
carbide area ratio is 15% or less.

3. A vehicle pinion shaft support system comprising:

a pinion shaft; and

a tapered roller bearing which supports the pin-
ion shaft and has an inner race, an outer race
and tapered rollers, wherein

the inner race has a large rib face having a re-
cessed surface shape on which large-diameter
end faces of the tapered rollers slide, and when
assuming that the surface roughness of the
large-diameter end faces is o1[umRa] and the
surface roughness of the large rib face is 62
[wmRa], o1 is 0.025 or more and (612 + 622)1/2
is 0.17 [pmRa] or less, wherein

a sliding portion of the large-diameter end face
of the tapered roller which slides on the large rib
face and a sliding portion of the large rib face of
the inner race on which the large diameter end
face of the tapered roller slides are formed by
forming a carbonitride or nitride in a surface por-
tion by carbonitriding or nitriding a high carbon
steel material, quenching a substrate of the sur-
face portion from an inside thereof as high car-
bon or high nitrogen, and thereafter annealing
the same at a temperature in the range of 200
to 250°C.
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4. A vehicle pinion shaft support system comprising:

a pinion shaft; and

a tapered roller bearing which supports the pin-

ion shaft and has an inner race, an outer race 5
and tapered rollers, wherein

the inner race has a large rib face having a re-
cessed surface shape on which large-diameter

end faces of the tapered rollers slide, and when
assuming that the surface roughness of the 10
large-diameter end faces is 61 [wmRa] and the
surface roughness of the large rib face is 62
[wmRa], 61 is 0. 025 or more and (612 + 622)1/2

is 0.17 [pmRa] or less, wherein

a sliding portion of the large-diameter end face 15
of the tapered roller which slides on the large rib
face and a sliding portion of the large rib face of

the inner race on which the large diameter end
face of the tapered roller slides are formed by
forming a carbonitride or nitride in a surface por- 20
tion by carbonitriding or nitriding a high carbon
steel material, quenching a substrate of the sur-
face portion from an inside thereof as high car-

bon or high nitrogen, applying a sub-zero treat-
ment to the substrate so quenched, and there- 25
after annealing the same at a temperature in the
range of 150 to 200°C.
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